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In 1645, I (1) established for the first time that carbon tetrachloride
reacts with alkyl esters of phospborous acid and that it is net an indifferent
solvent.

As a result of the systematic investigations which were carried out along
those lines, new representatives of asters of trichloromethylphosphoric acids
and oxides of diaryl trichloromethylphosphine were synthesized frow the fol-
lowing general types: :

RI
c:mi(on)2 001\/ Eon (' )2ﬁc013
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where R is CE3, C2H5, C3H5, 0357, Chﬂg and R' is 0655, n-CHsceﬂh, n-CH3-006Hh.

In the brief report below, the action of carbon tetracaloride on ethyl,
n-propyl, and n-butyl esters of pyrophosphorous acid 18 described.

.3, In 1930, A. Ye. Arbuzov and B. A. Arbuzov (2) studied the reac’ion of tri-

N phenyl bromomethane on the ethyl ester of pyrophosphorous acid, in which the
ethyl ester of pyrophosphorocus ucid, as the derivative of two trivalent phos-
phorus atoms, undervent a complex transformation with triphenyl bromomethane
according to the following scheme:
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02550\ /00255 CaHsO\ /00235
/P-O-P + 2(c6n5)3cnr—> P-0.- P
021150 \ocan'5 c_,_x537 l OCQES
ClCgHs); C(CgEs)3 “Br

CoH-0 OC,Hs
) —> 2C.HBr + 2H5\/P-o-p<
‘ (CgHs)4C " " c(Cels) 5
0 0

—

Analogous transformations of esters of phosphorous acids with other alkyl
halides have been investigated in A. Ye. Arbuzov'g laboratory.

It seemed to me to be of interest to investigate the interactiom of carbon
tetrachloride and some slkyl esters of phosphorous acid. For that purpose, ex-
periments wvere conducted which are descrihed in short in the experimental part.

The experiments cited showed that carbon tetrachloride, when heated, re-
acts in an equimoler ratio with alkyl esters of pyrophosphorous acid vnder
breaking of the bond et the oxygen bridge between the phosphorus atoms and
formation of corresponding esters of trichloromethylphosphoric acid amd of
dialkyl phosphorous acid chlorides, aceording to the scheme:
RO ' OR
>P -0l - ( —> CC15P(0R), + C1.P(0R),
RO N

(:013 lCI

In eddition to these two substances, the corresponding chlorides of di-
alkyl phosphoric acid were separated from the reection mixture. The formation
of the latter obviously did not take place as a consequence of oxidation, since

o~ the operation was carried out, from beginning to end, in an atmosphere of inert
gas, but as the result of another courase of the reaction:

t

« RO___ ' _OR (08}

’ P- 0-P —> (RO),PCL + CCL.P(OR
R R 2ﬁc 3

o1 0

Experimental Part

The starting substances -- alkyl esters of pyrophosphorous acid -- were
obtained by the method worked out by A. Ye. Arbuzov and his students (3) and
had the following properties:

Bolling point n20
. D
: CoHs0, 0C B
, 2> SP-o- p< 2’3 206 - 107° at 11 zm  1.4338
CoHs0 0C,8;

Lot
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C.E,0 oc Tgg—
3 Np.o- p< 3T : 147 - 148% at Tmm  1.4395

C380” 0CH,

€),H.0, .0C, B,

L2 AN -o-p’\!‘9 183 - 185°C at 11 mm  1.44L8

Tne Action of Carbon Tetrachloride on Ethyl Ester of Phosphorous Acid

Fifty-three grams of ethyl ester of phosphorous acid and 31.6 grams
of carbon tetrachloride vere placed in & round-bottomed flask with reflux cool-
ing. During heating of the contents of the flask on the water bath, a reaction,
eccompanied by the evolution of heat, set in, and the heating, therefore, had
to be interrupted temporarily. At the enmd ; the mixture was heated in a stream
of carbon dioxi.e on a water bath for 2 hr. The flask with ite contents was
weighed before and after heating. Ko reduction in weight was observed.

After driving off a small quantity of carbon tetrachloride under nor-
mal pressure, the 1lquid which remained in the flask was distilled under vacuum.

Under a pressure of 16 mm, the following fractions were obtained:

Fraction I: 50-75%, 16.8 g

Fraction II: 83-98%, 12.9 g

Fraction III: 100-135%C, 20.4 g

Residue in the flask: 11.7 g

In redistillation, a substance vas obtained from the first fraction,
vhich boiled at 4$-51°C at 14 mm pressure. According to the findings of the
analysis, which included phosphorus, molecular refraction, and specific gravity
determinations, the substance turned out to be diethyl phosphorous acid chlo-
ride. N

After repeated distillation from an Arbuzov flask with a three-bulb
fractionating column, a fraction was collected from the second fraction, which
had a boiling point within the one-degree temperature range of 88-89°C at 15
mm pressure.

0.1057 g of substance; 33.1 ml of NaOH

0.1064 g of substance; 33.4 ml of NaOH

1 ml NaOH = 0.5686 g of P

Percentage of P found: 17.81; 17.85

Caleulated percentage of P iu C)H1oCl0sP: 17.98

Thus, according tg, the result of the analysis, the substance obtained
is diethyl phosphorous acid chloride.

In redistillation ‘of the third fraction, 7.9 g of substance were ob-
tained, vhich boiled at 122-123.5°C at 12 mm pressure.
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0.1056 g of substance; 22,8 ml NaOH
0.1086 g of substance; 23.5 ml NaOH
Percantage of P found: 12.27; 12.30

Calculated percentage of P in 05H1001‘=03P: 12.15
dg = 1.3851, deg = 1.3616, nag = 1.4589

According to the findings of the investigation, the substance is iden-
tical with that obtained earlier (1), i.e., ethyl ester of trichloromethylphos-
phonic acid.

The Action of Carbon Tetrachloride on n-propyl Ester of Pyrophosphorous
Acid

. A mixture of 31 g of n-propyl ester of pyrophosphorous acid and 18 g
of carbon tetrachloride were heated for 3 hr in a round-bottomed flask with re-
flux cooling in & stream of carbon dioxide. After removal of e small quantity
of carbon tetrachloride, the remaining liquid was subjected to fractionsl dis-
tillation under vacuum:

Fraction I: 67-75°C, et 13-14 mm pressure, 8.2 g

Fraction II: 75-130%C, at 12 mu pressure, 6.3 g

Fraction III: 130-145°%, at 12 um pressure, 10.1 g

In redistillation of the first fraction, pure pyrophosphorous acid
chloride with a boiling poirt of 68-70°C at 12 mm pressure and nnzo of 1.4ko9
was ceparated.

The analy.is of the product separated after redistillation of the sec-
ond fraction, which had a 106-107°C bp at 12 mm pressure, gave the following
regult:

0.1169 g of substance; 32.9 ml of NaOH

0.1085 g of substance; 30.4 ml of NaOE

1 ml NaOH = 0.5453 mg P

Percentage of P found: 15.3k4; 15.28

Calculated percentage of P in Cgl; ,C104P: 15.47

The data of the analysis for phosphorus shows that the substance sepa-
rated is dipropyl phosphoric acid chloride.

In fractional distillaticn, a substance with a 144-145°C bp was sepa-
rated from the third fraction:

0.1186 g of substance: 2L.1 ml of NaOH

0.1001 g of substance; 20.2 ml of NaOH
Percentage of P found: 11.08; 11.01

Calculated percentage of P in C-(El),(cl303P: 10.95
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The substance obtained turned out to be n-propyl ester of Trichloro-
methylphosphonice acid.

ag = 1.2625, a0 = 1.2454, n20 = 1.k501

The Action of Carbon Tetrachloride on n-butyl Ester of Pyrophcsphorous
Acid

A mixture of 30 g n-butyl ester of pyrophosphorous acid and 25 g of
carbon tetrachloride was heated for 4 br in & flask with reflux cooling on a
water bath.

After distilliag off 6.1 g of carbon tetrachloride, the remaining lig-
uid vas distilled in a vacuum. The following three fractions were obtained:

Fraction I: 85-140°, at 15 mm pressure
Fraction II: 110-150%, at 15 mm pressure
Fraction III: 150-161°, at 15 mm pressure

By its physical and chemical properties, the first fraction suggested
dibutyl phosphorous acid chloride.

On redistillation, a substance vas Beparated from the third fraction
with & 151-152°C bp at 10 mm pressure and nnzo of 1.hs523.

0.1047 g of substance, 18.85 g of NaOH

1 ml NaOH = 0.5642 mg P

Percentage of P found: 10,16

Calculated percentage of P in (:91!1801303?: 9.96

According to the data of the analysis, the analyzed substance is en-
tirely identical with that which we described earlier, i.e., n-butyl ester of
trichloromethylphosphonic acid.

I wish to express my appreciation to Q. N. Belorossova for her help
in carrying out the experimental part of this work.
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